A 72-year-old man with hypertension was referred to our hospital for severe aortic regurgitation probably associated with quadricuspid aortic valve on transthoracic echocardiography. He felt general fatigue on effort. On physical examination, blood pressure was 166/54 mm Hg and cardiac auscultation indicated a systolic murmur at the aortic area together with a diastolic murmur at the left parasternal border. Value of brain natriuretic peptide was 258.5 pg/mL, and values of cardiac enzymes were within normal limits. An electrocardiogram showed left ventricular high voltage in addition to STsegment depression in II, III, aVF, and V6 leads. Subsequent transthoracic echocardiography revealed decreased motion in the inferoposterior wall of the dilated left ventricle (end-diastolic and end-systolic diameters of 6.3 and 4.6 cm, respectively; ejection fraction 49 %, Simpson's method) and severe aortic regurgitation (vena contracta 6.7 mm, pressure half time 279 msec, regurgitant volume 77 mL on the proximal isovelocity surface area method, and effective regurgitant orifice area 0.38 cm 2 ) with probable quadricuspid aortic valve. Twoand three-dimensional transesophageal echocardiography clearly depicted a quadricuspid asymmetric aortic valve with a large right coronary cusp, two intermediate cusps including left coronary cusp and non-coronary cusp, and a smaller accessory cusp (Hurwitz and Roberts' classification, type D), and a severe aortic regurgitation due to the central coaptation defect (Fig. 1A , B, and C, Supplementary movie 1, 2, and 3). Pre-operative cardiac catheterization was performed (Fig. 2) . Coronary angiography showed a severe stenosis in the distal segment of the which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited. right coronary artery ( Fig. 2A) . Left coronary artery was normal (Fig. 2B) . On aortography, aortic regurgitation of Sellers grade 3, left ventricular end-diastolic volume of 263 mL, endsystolic volume of 142 mL, ejection fraction of 46%, and hypokinesis in inferior were observed ( Fig. 2C and D) . During right heart catheterization, course of Swan-Ganz catheter suggested a presence of left-sided inferior vena cava (IVC). Hemodynamics study showed left ventricular end-diastolic pressure of 14 mm Hg, mean pulmonary capillary wedge pressure of 15 mm Hg, mean pulmonary artery pressure of 19 mm Hg, and cardiac index of 2.38 L/min/m 2 . Computed tomography (CT) prior to the surgery confirmed a left-sided IVC (Fig. 3) . Based on the diagnosis of severe aortic regurgitation with quadricuspid aortic valve and coronary artery disease, the patient underwent an aortic valve replacement using a bioprosthetic valve (Carpentier-Edwards PERIMOUNT Magna Ease 23 mm; Edwards Lifesciences, Irvine, CA, USA) and coronary artery bypass grafting surgery (aorta-saphenous vein graft-posterolateral branch) on the 4th hospital day. The right coronary cusp occupied approximately one-third of the aortic valve annulus area, and the accessory cusp was located between the left and non-coronary cusps, consistent with the transesophageal echocardiographic findings ( Fig. 1D and E) . Degenerative changes of the aortic valve leaflets were mild. After rehabilitation, he was discharged without complications on the 16th hospital day and has since been free of symptoms.
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Quadricuspid aortic valve is an extremely rare appearance of congenital valvular malformation with an estimated incidence of < 0.05% of all congenital heart disease, 1)2) and according to the recent report from Mayo Clinic, 26% of the patients with quadricuspid aortic valve had moderate or severe aortic regurgitation.
2) Accumulating case reports have demonstrated usefulness of 2-and 3-dimensional transesophageal echocardiography in the diagnosis and the exact delineation of the mechanism of the regurgitation.
3) This aortic valvular malformation is commonly associated with other congenital cardiovascular disorders, such as coronary artery anomalies, atrial septal defect, ventricular septal defect, patent ductus arteriosus, or anomalous systemic venous connections.
2)4) On the other hand, most of cases with left-sided IVC are asymptomatic and incidentally depicted on ultrasound or CT imaging; however, clinical significance of left-sided IVC includes increased risks of bleeding during abdominal surgery, particularly right-sided deep vein thrombosis, complications associated with IVC filter implantation, nutcracker phenomenon leading to renal venous hypertension, and misdiagnosis as lymphadenopathy on imaging modalities. 5) To the best of our knowledge this is the first report to document a unique case of quadricuspid aortic valve with left-sided IVC. It is of great importance to depict any systemic vascular anomalies associated with quadricuspid aortic valve preoperatively to prevent critical complications.
supplementary movie legends Movie 1. Two-dimensional transesophageal echocardiography image from the short-axis view.
Movie 2. Two-dimensional transesophageal echocardiography image from the long-axis view.
Movie 3. Three-dimensional transesophageal echocardiography image from the short-axis view. 
